Introduction
============

Cardiovascular disease (CVD) was responsible for more than 360 million disability-adjusted life years (DALYs) globally and 85 million DALYs in China for the year of 2017.^\[[@R1]\]^ The incidence and mortality rates of CVD tend to fall in the developed world now, but are still on the rise in China and other developing countries along with aging population and modernization of lifestyles.^\[[@R2]\]^ Thus it is crucial to understand potential modifiable risk factors comprehensively and to develop evidence-based and practical primary prevention strategies for reducing both CVD incidence and mortality.

Milk is one of the most consumed beverages worldwide and is an important source of protein, vitamin D, calcium, potassium, and other minerals.^\[[@R3]\]^ Dietary guidelines in different countries all included recommendations on daily intake of dairy products to meet the needs for high-quality nutrients.^\[[@R4]--[@R6]\]^ Nevertheless, an overview of previous systematic reviews and meta-analysis showed that there was no association of milk consumption with different health outcomes, and even several minor risks have been found for CVD or stroke.^\[[@R7]\]^ Findings from individual investigations into the associations of milk with CVD incidence, all-cause, and cause-specific mortality remained inconsistent.^\[[@R8]--[@R10]\]^ Pooled results stratified by continent also showed high heterogeneity between the western countries and the East Asian countries.^\[[@R10]\]^ Thus, the evidence on health effects of milk derived from the western populations might not be generalizable to the Chinese population due to different genetic backgrounds, different overall dietary patterns across populations as well as different ranges of milk intake.

Though milk consumption used to be at a relatively low level,^\[[@R11]\]^ there has been an increasing trend in recent years along with the shift in lifestyle and dietary patterns in China.^\[[@R12]\]^ However, evidence on the associations of milk with CVD, cause-specific, and all-cause mortality from China was limited and inconsistent.^\[[@R13]--[@R15]\]^ One study in Taiwan of China showed favorable effects of milk intake on stroke and mortality,^\[[@R14]\]^ while the association of milk with a composite of mortality or major cardiovascular events reported in the mainland of China was only modest or null.^\[[@R15]\]^

In this study, we aimed to prospectively evaluate the association of milk intake with CVD and cause-specific mortality based on large-scale prospective cohorts among general Chinese adults, and to provide evidence for the validation and optimization of the dietary recommendations.

Methods
=======

Ethical approval
----------------

This study was conducted in accordance with the *Declaration of Helsinki* and was approved by the Institutional Review Board at Fuwai Hospital (No. 2012-399). Informed consent was obtained from each participant prior to data collection.

Study population
----------------

This study was based on the project of Prediction for Atherosclerotic Cardiovascular Disease Risk in China (China-PAR), which was a large collaborative study to investigate the epidemic of CVDs and identify the risk factors in the general Chinese population including the China Multi-Center Collaborative Study of Cardiovascular Epidemiology (China MUCA 1992--1994, and China MUCA 1998), the International Collaborative Study of CVD in Asia (InterASIA), and the Community Intervention of Metabolic Syndrome in China & Chinese Family Health Study (CIMIC).^\[[@R16]\]^ The China MUCA 1992--1994 cohort was not included in the current study because the information on milk intake was not collected. The China MUCA 1998 cohort was established in 1998 with cluster random sampling and included about 500 men and 500 women aged 35 to 59 years in each of the 15 clusters.^\[[@R17]\]^ The InterASIA cohort was established from 2000 to 2001, and selected a nationally representative sample of adults aged 35 to 74 years in China using a four-stage stratified sampling method (based on geographic region and urbanization).^\[[@R18]\]^ Participants from the China MUCA 1998 and the InterASIA cohorts were followed twice, from 2007 to 2008, and 2012 to 2015, separately. The CIMIC was a large, community-based cohort that was established from 2007 to 2008 and selected four survey sites from three provinces (Shandong, Henan, and Jiangsu) with different economic development levels in China. In total, 86,428 participants ≥18 years of age completed the baseline study and were invited to participate in the follow-up survey from 2012 to 2015.^\[[@R16]\]^ A total of 104,957 participants attended lifestyle investigations and health examinations during 2007 to 2008, among which 96,048 (follow-up rate: 91.5%) were followed until 2012 to 2015. After further excluding 3782 participants with a history of CVD, cancer or other major chronic diseases and 509 participants without milk intake information from 2007 to 2008, 91,757 (7072 from InterAsia, 6734 from China MUCA-1998, and 77,951 from CIMIC) were included in the current analysis. This process is showed in detail in the flow-chart \[Figure [1](#F1){ref-type="fig"}\].

![Flowchart of participant inclusion and exclusion. InterASIA: International Collaborative Study of CVD in Asia; China MUCA: China Multi-Center Collaborative Study of Cardiovascular Epidemiology; CIMIC: Community Intervention of Metabolic Syndrome in China & Chinese Family Health Study; CVD: Cardiovascular disease; CHD: Coronary heart disease.](cm9-133-1144-g001){#F1}

Assessment of milk intake and covariates
----------------------------------------

We used simplified food frequency questionnaire (FFQ) consisting of closed-end, easy-to-understand questions with appropriate response options. An item on milk intake was included in the FFQ and applied during 2007 to 2008 and 2012 to 2015 for all sub-cohorts. Participants were interviewed by trained and certificated staff face to face and asked to answer whether they drank milk or not, and the amount they drank per day, per week, per month, or per year during the past year. The intake amount was then converted into the intake amount per day. The questionnaire item was described as "milk or yogurt." The serving sizes of whole milk, skim/low fat milk, and yogurt were treated equally. Participants were categorized into four groups according to daily intake level of milk: none, 1 to 150 g/day, 151 to 300 g/day, ≥300 g/day referring to the Dietary Guidelines for Chinese Residents (2016).^\[[@R6]\]^

Information on demographic characteristics, lifestyle risk factors, and family and personal medical history was also collected via standardized questionnaires. Smoking and drinking status was self-reported and the information on drinking habits was collected over the previous 12 months. Physical activity was assessed by asking time duration spent on rigorous/moderate/light physical activities per day during the previous year including leisure-time physical activity, physical activity from transportation, occupational physical activity, household chores, etc. Ideal physical activity level was defined as at least 150 min of moderate physical activity or at least 75 min of vigorous physical activity per week according to the WHO\'s global recommendations on physical activity for health.^\[[@R19]\]^ Habitual dietary intake was collected by asking the frequency of consumption and portion size of those typical food items during the past year using the FFQ. The healthy diet status was defined as ≥2 of ideal selected items including ≥500 g/day, ≤50 g/day, ≥125 g/day, ≥200 g/week, and ≥50 g/month consumption for fresh vegetables and fruits, red meat, soybean products, fish, and tea respectively based on the recommendations of Dietary Guidelines for Chinese Residents (2016)^\[[@R6]\]^ or consistent with our previous study.^\[[@R20],[@R21]\]^ Body weight and height were measured twice only wearing light clothes without shoes and body mass index (BMI) was calculated as the weight in kilograms divided by the square of height in meters. Blood pressure was measured three times after 5 min of rest in a sitting position according to a standard protocol, and the average of three measures was used. Blood samples were drawn after at least 10 h of fasting and were centrifuged immediately to measure serum glucose and lipids. Serum glucose was measured by a modified hexokinase enzymatic method (Hitachi automatic clinical analyzer, model 7060, Hitachi, Ltd., Tokyo, Japan). Total cholesterol, high-density lipoprotein cholesterol (HDL-C), and triglyceride were measured enzymatically with commercial reagents. Low-density lipoprotein cholesterol (LDL-C) was calculated by the following formula: LDL-C = TC--HDL-C--Triglycerides/5.

Outcome measures
----------------

Follow-up surveys were conducted during 2012 to 2015 and the same protocols were applied for all three cohorts. An integrated method was applied including performing face-to-face interviews with study participants or their proxies to ascertain disease status, and obtaining hospital records and death certificates.

CVD (International Classification of Diseases, 10th edition, I00-I99) was defined as non-fatal acute myocardial infarction (AMI), unstable angina, heart failure, coronary heart disease (CHD) death, and fatal or non-fatal stroke. CHD (I20--I25) included non-fatal AMI, unstable angina, or CHD death. AMI was identified as a change in biochemical markers of myocardial necrosis accompanied by ischemic symptoms, pathological Q waves, ST-segment elevation or depression, or coronary intervention.^\[[@R22]\]^ Stroke included clinical signs and symptoms of subarachnoid or intra-cerebral hemorrhage or cerebral infarction, which rapidly developed signs of focal (or global) disturbances in cerebral function lasting more than 24 h without an apparent non-vascular cause. According to computed tomography scans, magnetic resonance imaging or autopsy findings, stroke cases were classified as ischemic stroke (IS \[I63\]) and hemorrhagic stroke (HS, including intra-cerebral hemorrhage \[I61\], and subarachnoid hemorrhage \[I60\]).^\[[@R23]\]^ Cases with no records of brain imaging or autopsy for reviewing by the end-point assessment committee were classified as undetermined pathological type. All death cases were recorded, while CVD deaths were defined by ICD-10 and I00-I99.

Statistical analysis
--------------------

Baseline characteristics were presented according to milk intake categories. Follow-up period was calculated from the survey date during 2007 to 2008 to the date of the outcome, loss to follow-up, or the date of the last follow-up date, whichever came first. Age- and sex-adjusted incidence rates per 100,000 person-years of study outcomes were calculated using Poisson regression.^\[[@R24]\]^ We used Cox regression model stratified by cohort sources to calculate hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs), and the proportional hazards assumption was proved to be met by evaluating the Schoenfeld residuals (*P* \> 0.05).^\[[@R25]\]^ Baseline milk intake was included in the models as either a category variable (for HRs of 1--150 g/day, 151--299 g/day, and ≥300 g/day compared with none) or a continuous variable (for HRs per 100 g/day increase). Restricted cubic splines (RCSs) were also employed to explore potential dose-response association. Likelihood ratio test was used to test the non-linearity, comparing the model with only the linear term to the model with the linear and the cubic spline terms.

The following variables were adjusted gradually in multivariable models. Model 1 adjusted age (continuous), sex (men/women), geographic region (north/south), residential area (rural/urban), and education level (≥12 years or not). Model 2 further adjusted for family history of CVD (yes or no), smoking (yes or no), alcohol drinking (yes or no), physical activity level (ideal or not), BMI (continuous), and healthy diet status (ideal or not). Model 3 further adjusted for baseline systolic blood pressure, fasting blood glucose, total cholesterol, and HDL-C.

Stratified analyses were conducted according to baseline demographic characteristics, lifestyle factors, and cardiometabolic risk factors. A cross-product term between the stratification variable and daily milk intake amount (as a continuous variable with the unit of 100 g) was included in the model to investigate the potential effect modifications. Sensitivity analyses were carried out after excluding the cases which occurred during the first 2 years of follow-up to minimize reverse causation. We also analyzed the association of health outcomes with each 100 g/day increase using competing risk models to explore the influence of studying different outcomes together.

Continuous data were presented as mean ± standard deviation. Categorical data were expressed as counts and percentages. Data were analyzed using SAS statistical package (version 9.4, SAS Institute Inc, Cary, NC, USA). All tests were two-sided, and *P* \< 0.05 was considered statistically significant.

Results
=======

Descriptive characteristics of the study population
---------------------------------------------------

Milk intake in the China-PAR project was very low, with an average level of 26.2 g/day among all participants and 75.4% (69,222/91,757) of all participants never drank milk from 2007 to 2008. Milk consumers were obviously more likely to be male (*χ*^2^ = 54.02, *P*\<0.001), smokers (*χ*^2^ = 74.92, *P* \< 0.001), urban (*χ*^2^ = 9772.99, *P* \< 0.001) and northern residents (*χ*^2^ = 1580.71, *P* \< 0.001), have longer years of education (*χ*^2^ = 4659.42, *P* \< 0.001), healthy diet status (*χ*^2^ = 233.88, *P* \< 0.001), and more physically active (*χ*^2^ = 1055.82, *P* \< 0.001). And they also tended to have higher levels of fasting blood glucose (*F* = 112.82, *P* \< 0.001), total cholesterol (*F* = 169.60, *P* \< 0.001), and LDL-C (*F* = 194.83, *P* \< 0.001) \[Table [1](#T1){ref-type="table"}, Supplementary Tables 1 and 2\].

###### 

Characteristics of the study participants in the China-PAR project according to milk intake levels at baseline (2007--2008).

![](cm9-133-1144-g002)

During the 561,677 person-years (a median of 5.8 years) of follow-up, we documented 3877 CVD events (including 945 CHD and 2427 stroke cases) and 4091 deaths.

Association of milk intake with CVD incidence
---------------------------------------------

Compared with those who never drank milk, the HRs (95% CIs) for CVD incidence were 0.94 (0.86--1.03), 0.77 (0.66--0.89), and 0.59 (0.40--0.89) for those who consumed 1 to 150 g/day, 151 to 299 g/day, and ≥300 g/day of milk, respectively, after adjustment for age, sex, residential area, geographic region, education level, family history of CVD, smoking, alcohol drinking, physical activity level, BMI, and healthy diet status. The corresponding HRs (95% CIs) were 0.82 (0.68--0.98), 0.95 (0.74--1.22), and 0.58 (0.29--1.17) for CHD, and 1.02 (0.91--1.14), 0.78 (0.64--0.94), and 0.72 (0.44--1.17) for stroke, respectively. After further adjustment for blood pressure, blood glucose, and blood lipid levels, the associations were slightly attenuated, and the corresponding HRs (95% CIs) were 0.98 (0.89--1.07), 0.82 (0.71--0.96), and 0.65 (0.43--1.00) for CVD, while similar trends of HRs were shown as 0.85 (0.71--1.02), 1.01 (0.79--1.30), and 0.70 (0.34--1.41) for CHD, 1.05 (0.94--1.17), 0.83 (0.68--1.01), and 0.81 (0.49--1.33) for stroke, respectively. Each 100 g increase of daily intake was associated with 11% (95% CI: 6--15%) risk reduction for CVD (*P* \< 0.001), and 9% (95% CI: 3--14%) risk reduction for stroke (*P* = 0.006) after adjustment for age, sex, residential area, geographic region, education level, family history of CVD, smoking, alcohol drinking, physical activity level, BMI, and healthy diet status. After further adjustment for cardiometabolic risk factors, these inverse associations were slightly attenuated but remained statistically significant for CVD incidence (HR, 0.92; 95% CI: 0.87--0.97; *P* = 0.002) and marginally significant for stroke (HR, 0.94; 95% CI: 0.88--1.00; *P* = 0.069). The associations of milk intake with IS or HS subtypes were similar, with HRs (95% CIs) associated with each 100 g/day increase of 0.91 (0.83−0.99) for IS and 0.86 (0.75−0.99) for HS, respectively (model 2) \[Table [2](#T2){ref-type="table"}\]. RCS analyses also showed a linear dose-response relationship with CVD (*P* for overall significance of the curve \<0.001; *P* for non-linearity = 0.979; *P* for linearity \<0.001) and stroke (*P* for overall significance of the curve = 0.010; *P* for non-linearity = 0.998; *P* for linearity = 0.002) incidence within the current range of daily milk intake \[Figure [2](#F2){ref-type="fig"}\].

###### 

HRs (95% CI) of CVD incidence according to baseline milk intake in the China-PAR project.

![](cm9-133-1144-g003)

![Dose-response associations of baseline milk intake with CVD incidence (A), CHD incidence (B) and stroke incidence (C) in the China-PAR project. The solid lines show the estimations of hazard ratios, and the dashed lines indicate 95% confidence intervals. Adjusted for baseline age, sex, geographic region (north/south), residential area (rural/urban), education level (≥12 years or not), family history of cardiovascular disease (yes or no), smoking (yes or no), alcohol drinking (yes or no), physical activity level (ideal or not), body mass index, and healthy diet status (ideal or not). CVD: Cardiovascular disease; CHD: Coronary heart disease; China-PAR: Prediction for Atherosclerotic Cardiovascular Disease Risk in China.](cm9-133-1144-g004){#F2}

Association of milk intake with all-cause and cause-specific mortality
----------------------------------------------------------------------

Similar inverse association with daily milk intake was also observed for CVD mortality with multivariate-adjusted HRs (95% CIs) of 1.00 (0.87--1.15), 0.81 (0.63--1.02), and 0.52 (0.26--1.04) for participants who consumed 1 to 150 g/day, 151 to 299 g/day, and ≥300 g/day of milk compared with those who never drank milk after adjustment for age, sex, residential area, geographic region, education level, family history of CVD, smoking, alcohol drinking, physical activity level, BMI, and healthy diet status; after further adjustment for cardiometabolic risk factors, the corresponding adjusted HRs (95% CIs) were 1.04 (0.90−1.21), 0.89 (0.70−1.14), and 0.63 (0.31−1.26), respectively. Each 100 g increase of daily intake was associated with 11% (95% CI: 3--18%) risk reduction for CVD mortality (*P* = 0.008) after adjustment for age, sex, residential area, geographic region, education level, family history of CVD, smoking, alcohol drinking, physical activity level, BMI, and healthy diet status. After further adjustment for cardiometabolic risk factors, no significant association was observed between milk intake increase and CVD mortality (HR, 0.93; 95% CI: 0.86--1.01; *P* = 0.092) \[Table [3](#T3){ref-type="table"}\]. The RCS analysis indicated a significant dose-response association (*P* for overall significance of the curve = 0.045; *P* for non-linearity = 0.768; *P* for linearity = 0.014) \[Figure [3](#F3){ref-type="fig"}\]. However, we did not identify the significant dose-response relationship between milk intake and all-cause mortality (*P* for overall significance of the curve = 0.341; *P* for non-linearity = 0.171; *P* for linearity = 0.599) \[Table [3](#T3){ref-type="table"} and Figure [3](#F3){ref-type="fig"}\].

###### 

HRs (95% CI) of cause-specific mortality according to baseline milk intake in the China-PAR project.
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![Dose-response associations of baseline milk intake with risks of CVD mortality (A) and all-cause mortality (B) in the China-PAR project. The solid lines show the estimations of hazard ratios, and the dashed lines indicate 95% confidence intervals. Adjusted for baseline age, sex, geographic region (north/south), residential area (rural/urban), education level (≥12 years or not), family history of cardiovascular disease (yes or no), smoking (yes or no), alcohol drinking (yes or no), physical activity level (ideal or not), body mass index, and healthy diet status (ideal or not). CVD: Cardiovascular disease; China-PAR: Prediction for Atherosclerotic Cardiovascular Disease Risk in China.](cm9-133-1144-g006){#F3}

Subgroup and sensitivity analyses
---------------------------------

In the subgroup analyses, the inverse associations with CVD incidence, all-cause and cause-specific mortality were similar across strata \[Supplementary Tables 3--5\]. For example, the multivariable adjusted HRs (95% CIs) associated with each 100 g/day increase were 0.88 (0.81−0.95) and 0.90 (0.84−0.96) for CVD incidence among women and men, respectively (*P* for interaction = 0.878) \[Supplementary Table 3\]. In the sensitivity analyses, the multivariable adjusted HRs (95% CIs) associated with each 100 g/day increase after excluding the cases which occurred during the first 2 years were 0.87 (0.82--0.92) for CVD incidence, 0.89 (0.82--0.98) for CVD mortality and 0.97 (0.92--1.02) for all-cause mortality, respectively, and were similar to the original results \[Supplementary Table 6\]. Using competing risk models did not change the observed associations \[Supplementary Table 7\].

Discussion
==========

Based on this prospective study involving 91,757 participants, we found higher milk intake would reduce the risk of CVD following an inverse linear relationship among general Chinese adults. Similar favorable effects were also observed for CVD mortality and stroke incidence. Our findings have great public health implications on guiding CVD prevention through lifestyle intervention.

The associations between dairy intake and CVD have been widely studied in the western populations, with pooled results indicating inverse or null associations.^\[[@R7]--[@R9],[@R26]--[@R28]\]^ However, the results remained inconsistent. Findings from large cohorts in countries with high levels of dairy intake like the Netherlands and the United States indicated that milk intake would increase the risk of CVD.^\[[@R29],[@R30]\]^ On the contrary, previous studies in East Asian populations have consistently associated higher daily milk intake with lower risk of CVD, especially stroke.^\[[@R13],[@R14],[@R31]--[@R36]\]^ In this study, we found that higher daily milk intake was inversely associated with the risks of CVD, CHD, and stroke, and CVD mortality in a population with plant food-based dietary and generally low intake level of dairy products. Of note, we observed statistically significant dose-response relationships between daily milk intake with CVD and stroke, and each 100 g/day increase of milk intake was associated with 11% lower risk of CVD, 9% lower risk of stroke, and 11% lower risk of CVD mortality. Similarly, a pooled analysis of 18 studies with 762,414 individuals and 29,943 stroke events reported that the risk of stroke decreased by 7% in the overall population, and 18% in the East Asian population with an increment of 200 g/day of milk intake.^\[[@R10]\]^

The potential protective effects of milk intake against CVD could be interpreted as follows. The content of high-quality protein, calcium, and potassium in milk could ameliorate a cluster of risk factors including dyslipidemia, insulin resistance, increased blood pressure, and abdominal obesity, which together markedly increase the risk of diabetes and CVD.^\[[@R37]\]^ Secondly, saturated fat acids (SFAs) in milk were the main components to blame in some previous studies. However, based on the indigenous reality, the SFA content was much lower among the Chinese population than that among the western populations and the attendant risk of increasing intake of SFAs from moderate milk consumption would not be the uppermost concern.^\[[@R15]\]^ In addition, some types of SFAs might also help increase the concentration of HDL-C, which could reverse the cholesterol transport pathways, inhibit LDL-C oxidation, and prevent inflammatory process.^\[[@R38]\]^

Milk intake was not associated with the risk of all-cause mortality in our study. While most previous observational studies found no associations between milk and all-cause mortality,^\[[@R9],[@R39],[@R40]\]^ studies in the Sweden and the United States reported that non-fermented or whole milk would increase the risk of all-cause mortality.^\[[@R30],[@R41]\]^ By contrast, milk intake was found to be inversely associated with all-cause mortality in the United Kingdom and in Japan.^\[[@R42],[@R43]\]^ These inconsistencies in the associations of milk intake with health outcomes might due to the differences in the average intake levels and types of dairy products in different populations. The different lifestyle and dietary pattern, genetic backgrounds, and disease profiles might also influence the results.

To our knowledge, this study was the first to investigate the associations of milk intake with CVD incidence, all-cause and cause-specific mortality and to explore the potential dose-response relationships using prospective cohorts among the general Chinese population in the mainland of China. The reliability and credibility of the current results were guaranteed by the rigorous study design and discipline, face-to-face interviews, trained and certificated staff, and standardized questionnaires. Nevertheless, several limitations should also be considered. Firstly, we did not collect information on fat contents or fermentation types. However, the majority of dairy intake in China was whole milk.^\[[@R15]\]^ So the proportion of missing information would be limited and generally non-differential, and might not have had a large impact on the results. Secondly, information on total energy intake, and other dietary factors including salt and sugar was not collected. However, we adjusted the overall dietary pattern and physical activity level to reduce the influence. Thirdly, it was inevitable that some people with higher milk intake were prone to being well-educated, or engaged in other healthy lifestyle behaviors. However, adjustment of lifestyle factors only slightly attenuated the observed associations in the current study and the stratified results by residential areas, education levels or lifestyle factors did not show major differences or interactive effects. In addition, we only used milk intake information during 2007 to 2008, and the inevitable measurement error due to FFQ and the changes of milk intake over years would influence the results. And the limited number of incident cases of CHD, and limited number of participants within the highest intake category weaken the robustness of the results. With the ongoing follow-ups of the China-PAR population and increasing number of incident cases, we will validate the observed associations from the current study and explore the effects of changes in milk intake. We also call for other further studies to validate our findings.

In conclusion, our results showed that increase of daily milk intake was associated with lower risk of CVD incidence and mortality in a linear inverse relationship. These findings could support the renewal of lifestyle and dietary guidelines in China or populations with similar characteristics. Further studies are still warranted to validate our results.
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